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Abstract  
Resveratrol and resveratrol derivatives are naturally occurring stilbenes (also known as 
stilbenoids) found in a number of plants and believed to function as phytoalexins, 
antibiotic compounds produced as part of a plant’s pathogen defense mechanism. They 
have recently been associated with many potential health benefits as antioxidant and 
anticancer agents. This project built upon the work of Dr. Fabricio Medina-Bolivar in 
investigating trans-resveratrol and its derivatives in relation to the different levels of 
pathogen resistance found in peanut cultivars Hull and Andru II. Here, peanut hairy root 
cultivar Hull line 3, a more pathogenic resistant variety was characterized. When elicited 
with sodium acetate (10.2 mM) 12 day old and 15 day old roots produced resveratrol, 
while 9 day old roots did not. After sodium acetate treatment the highest amounts of 
resveratrol in the medium were found at 18 and 24 hrs and nearly absent at 48 hrs. The 
growth rate during log phase growth was calculated to be 0.25 day-1 and the doubling 
time overall was determined to be 2.8 days. These data provided further information on 
the growth and elicitation kinetics relevant to the use of hairy roots as a production 
platform for resveratrol and other related stilbenoids. 
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1. Introduction 
Resveratrol and resveratrol derivatives have recently been associated with many potential 
health benefits as antioxidant and anticancer agents. They are naturally occurring 
stilbenes (also known as stilbenoids) found in a number of plants and believed to function 
as phytoalexins, antibiotic compounds produced as part of a plant’s pathogen defense 
mechanism. Most studies have shown that trans-resveratrol is more potent that cis- 
resveratrol. Relatively few studies have investigated the biological activities of other 
stilbenes. However, it is likely that resveratrol derivatives may confer similar or increased 
effectiveness when compared with resveratrol. This project built upon the work of Dr. 
Fabricio Medina-Bolivar and investigated trans-resveratrol and its derivatives in relation 
to the different levels of pathogenic resistance found in peanut cultivars Hull and Andru 
II.  
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2. Background 
2.1 Stilbenes 
Stilbenes (also referred to as stilbenoids) are phenolic compounds produced via the 
phenylpropanoid/acetate pathway (Figure 1.1; modified from Roupe et al., 2006). The 
phenylpropanoid pathway produces diverse compounds including flavonoids, stilbenes, 
isoflavonoids, and lignans. The stilbene pathway is activated in response to plant injury 
or environmental threat. Stilbenes are believed to function as phytoalexins, antibiotic 
compounds produced to defend against pathogen attack (Ebel 1986).  
 
Figure 1.1. Stilbene synthesis via the phenylpropanoid pathway.  
(Taken and modified from Roupe et al., 2006) 
 
Resveratrol (3, 4’, 5-trihydroxystilbene), well studied for its potential health 
benefits, has been found in other plants including grapes, peanuts, and many varieties of 
berries (Roupe et al., 2006). Piceatannol, another stilbene, has been found in grape, sugar 
cane, rhubarb and some berries (Roupe et al., 2006). Interestingly, many of the plant 
species that produce stilbenes are taxonomically unrelated (Medina-Bolivar et al., 2007). 
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Additionally, since these plants produce stilbenes in response to elicitation and not 
constitutively, it is likely that many other plants are capable of producing stilbenes and 
the proper form of elicitation has not yet been discovered (Medina-Bolivar, personal 
communication). 
 
Figure 1.2. Structure of cis and trans isomers of resveratrol and several natural 
analogues. (Taken from Medina-Bolivar et al., 2007) 
 
 
The structure of resveratrol and some of its natural analogues/derivatives can be 
found in Figure 1.2 (taken from Medina-Bolivar et al., 2007). It is derived from 
phenylalanine and acetate through the phenylpropanoid/acetate pathway. Several natural 
analogues of resveratrol have been identified. These include added hydroxyl groups (-
OH), methyl groups (-CH3), and prenyl groups (-C=C-C). The presence of these 
structures is thought to confer different effects as well as altered bioavailability of the 
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compound (Medina-Bolivar, personal communication). The structures of some known 
prenylated resveratrol analogues can be found in Figure 1.3. Although resveratrol has 
been suggested to have a wide variety of health benefits, it has demonstrated low 
bioavailability in vivo. Natural resveratrol analogues are of interest because they may be 
shown to yield additional health effects or enhanced bioavailability. 
 
 
 
Figure 1.3. Structure of resveratrol and known natural prenylated resveratrol 
analogues. (Taken from Sobolev and Dreyup et al., 2006) 
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2.2 Health Benefits 
 Resveratrol and its natural analogues have recently become a topic of great 
interest due to a number of health benefits that have been associated with them (Roupe et 
al., 2006). This interest arose with the detection of resveratrol in red wine and suggested 
to be responsible for what had come to be called “the French paradox,” which was used 
to describe the unexpectedly low rate of coronary heart disease in French citizens having 
a high-fat diet and regular red wine consumption (Renaud and Lorgeril 1992). Since then 
a great deal of evidence has surfaced revealing resveratrol’s anti-inflammatory, 
anticancer, and chemoprotective properties (Roupe et al., 2006). Due to similarities in 
structure, natural resveratrol analogues are also suspected to have similar properties 
(Roupe et al., 2006). For example, Simoni et al. (2006) examined the effects of 10 
stilbenes consisting of resveratrol and synthetic resveratrol analogues on HL60 leukemic 
cells. Their results demonstrated antiproliferative and apoptosis induction comparable in 
resveratrol and the analogues. Some analogues showed even greater anticancer potential 
than resveratrol. In another case, piceatannol, a naturally occurring stilbene, was shown 
to inhibit the S phase progression of colorectal cancer cell lines (Wolter et al., 2002). 
Furthermore, pterostilbene, another naturally occurring methylated analogue, was shown 
to reduce B16 melanoma F10 cell growth and revealed an increase in cancer inhibition 
when combined with quercetin (Ferrer et al., 2005 as reviewed by Roupe et al., 2006). 
Based on these data, resveratrol and its natural analogues are of great interest as potential 
therapeutic agents. Understanding how these stilbenes are produced is also of great 
interest, as sources of these compounds will be needed for future studies on these 
potential pharmaceuticals.  
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2.3 Hairy Root Cultures 
Hairy root cultures have shown great promise as potential production factories for many 
plant compounds. While normally the harvesting of plant roots typically requires the 
destruction of the plant, hairy root cultures have been shown to secrete a number of 
interesting compounds into their culture medium (Medina-Bolivar et al., 2007, Guillon et 
al., 2006), thereby providing a means for continuous production of plant-based 
pharmaceuticals and other products (Guillon et al., 2006).  
Medina-Bolivar et al. (2007) previously demonstrated that ~99% of resveratrol 
was secreted into the medium of peanut hairy root cultures when elicited with sodium 
acetate. Root cultures of ginseng roots have been scaled up in 10,000 L bioreactors for 
industrial production (Wink et al., 2005, Sivakumar et al., 2006) suggesting that such a 
scale up of peanut hairy roots is also possible for the production of resveratrol and its 
related analogues (Medina-Bolivar et al., 2006).  
Agrobacterium rhizogenes is a gram negative soil bacterium that produces the 
hairy root phenotype in a number of plant species (Guillon et al., 2006). This typically 
occurs at the base of the plant which is more susceptible to wounding, but can occur 
anywhere on the plant where wounding occurs. When the plant’s cell wall is damaged, it 
increases production of phenolic compounds. In addition to its own chromosomal DNA, 
A. rhizogenes contains an infectious root inducing plasmid (Ri plasmid) that it uses to 
infect its host (Guillon et al., 2006). This plasmid is comprised of a virulence operon 
(vir), which activates the production of proteins that aid in infection, and transfer DNA 
(T-DNA). The T-DNA is randomly inserted into the genome of a cell of the host plant 
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(Guillon et al., 2006). It contains a promoter that is recognized by the host plant’s 
transcription mechanisms and drives the expression of the rol genes, believed to increase 
sensitivity to auxin (Guillon et al., 2006). Auxins are a class of plant hormones, produced 
in the shoot apex of the plant that promote the growth of roots and also needed to produce 
hairy roots. Normally, when a plant is infected by A. rhizogenes, auxins are supplied by 
the shoot of the plant, but for hairy root cultures, which lack shoots, auxin production in 
the roots is necessary to sustain the culture (Medina-Bolivar, personal communication). 
To achieve this, a particular strain of Agrobacterium, strain ATCC 15834, is commonly 
used. This strain contains two separate T-DNAs; a left TL-DNA which contains the rol 
genes and a right TR-DNA which contains genes coding for auxin biosynthesis (Tzfira et 
al., 2004). 
 Once the hairy root phenotype is induced it is necessary to screen for proper 
transfer of both T-DNAs. Because TL and TR DNAs are separate on the plasmid, it is 
possible for a given cell to have only TR, only TL, neither, or both (Tzfira et al., 2004). 
Additionally, these cells may have multiple copies of either T-DNA. Each hairy root is 
considered a separate clone and must be screened. Once properly established hairy roots 
have been isolated, they can be subcultured using root tips to produce genetically 
identical hairy root cloned lines (Tzfira et al., 2004).  
 
2.4 Stilbene Production in Peanut Hairy Roots 
 While resveratrol can be harvested from many plants, currently available sources 
often contain impurities or have low yields. Prior work by Medina-Bolivar et al. (2007) 
has shown that peanut hairy root cultures are an effective means of production for 
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resveratrol and its natural analogues. Since these cultures only require a medium 
containing salts and simple metabolites, compounds secreted into the medium are easy to 
harvest in a pure and concentrated form. Since most (~99%) of the resveratrol produced 
by peanut was shown to be secreted into the medium following sodium acetate elicitation 
(Medina-Bolivar et al., 2007), these hairy root cultures appear to be a very effective 
production platform.  
 Due to its low bioavailability, resveratrol may not be the main stilbene 
responsible for health benefits (Walle et al., 2004). Some of its natural analogues have 
been shown to have greater efficacy, increased bioavailability or even different functions 
altogether (Baur and Sinclar, 2006, Simoni et al., 2006, Wolter et al., 2002). Of particular 
interest in this study are naturally prenylated resveratrol analogues, which have been 
identified in the root cap of peanut roots (Sobolev and Horn et al., 2006). 
 In a study of five peanut genotypes, Sobolev et al. (2007) showed that different 
peanut cultivars have varied levels of disease resistance. The relative resistance to several 
pathogens was compared with levels of trans-resveratrol and four of its natural 
analogues. A positive correlation between disease resistance and resveratrol and its 
analogues was demonstrated. The results also suggested that different resveratrol 
analogues might have different effectiveness against various diseases.  
 The previous peanut hairy root elicitation study conducted by Medina-Bolivar et 
al. (2007) was done using Andru II, a high oleic peanut cultivar. Considering that 
resveratrol is a phytoalexin, Hull line 3 (Hull3), another high oleic peanut cultivar known 
for a high pathogen resistance (Gorbet 2003, “Hull”), was investigated for trans-
resveratrol and its analogues. Since cultivar Hull3 has greater pathogen resistance, it is 
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likely that it will produce more phytoalexins and therefore show greater potential for 
resveratrol production than cultivar Andru II. Notably, Hull3’s increased resistance 
created difficulty in inducing the hairy root phenotype as Hull3 was likely resistant to 
infection by Agrobacterium (Medina-Bolivar unpublished). Stilbene production in 
cultivar Andru II has been well characterized in the Medina-Bolivar lab and 
characterization of Hull3 will be useful for comparison of the production of resveratrol 
and resveratrol analogues as well as for optimizing resveratrol production in Hull. 
Medina-Bolivar et al. (2007) recently demonstrated that cultivar Andru II produces 
varying levels of stilbenes at different ages. The optimal time for elicitation was 
demonstrated to be 12 days (early log phase) after subculture. In this study, replication of 
previous Andru II time course data was attempted, Hull3 was investigated for optimal 
elicitation time, a time course was conducted of stilbene production following sodium 
acetate elicitation in Hull3, and a growth curve was generated for Hull3. This information 
may be applied toward optimizing resveratrol or resveratrol analogue production in hairy 
root cultures, and provides further information about the product profiles of a disease 
resistant peanut cultivar. 
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3. Hypotheses and Objectives 
If resveratrol is a phytoalexin and responsible for the increased pathogen resistance of 
peanut cultivar Hull as compared with cultivar Andru II, then cultivar Hull should show 
increased production of resveratrol. Many resveratrol analogues have also been shown to 
be phytoalexins and may also be responsible for this increased resistance, therefore 
cultivar Hull should also show increased production of one or more resveratrol analogues 
that are present in low yield or even absent in cultivar Andru II. Since Andru II is 
producing prenylated resveratrol analogues, and Hull is shown to have greater pathogenic 
resistance, it is likely that Hull is also producing these compounds. Furthermore, the rate 
at which resveratrol and/or resveratrol analogues are produced may be more important 
than the quantities produced, if this is the case, Hull will likely show a higher rate of 
production of resveratrol and/or resveratrol analogues.  
 
In other to test these hypotheses the following three objectives were proposed:  
1. A preliminary elicitation experiment will be conducted to determine the effect of 
culture age on Hull roots.  
2. A time course study of both cultivars Hull and Andru II will be compared to 
determine best time of elicitation by sodium acetate. 
3. A growth curve will be measured for Hull. 
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4. Materials and Methods 
4.1 Overview 
In order to investigate these hypotheses, a number of methods were employed. First, 
hairy root cultures were obtained of each peanut (Arachis hypogaea) cultivar: Hull3 (Hull 
line 3) and Andru II line 2. These had already been established in the Medina-Bolivar lab. 
PCR analysis was conducted to ensure that the hairy root lines were established properly 
and axenic (Section 4.2). These hairy root lines were subcultured for biomass for 
subsequent experiments.  
For comparison of hairy root lines, a time course study was conducted for each 
cultivar following elicitation by sodium acetate (Sections 4.3 and 4.5). In order to 
determine the appropriate day for elicitation in Hull, a preliminary multiple day 
elicitation experiment was conducted in which flasks of Hull were elicited either on day 
9, 12, or 15 (Section 4.4). A growth curve was also established for Hull (Section 4.6). 
 
4.2 Tissue Culture  
Root tissues of cultivars Andru II line 2 and Hull3 were maintained in culture by 
subculturing every 2 weeks from existing hairy root lines established in the Medina-
Bolivar Lab. Subculturing was done by aseptically transferring 2 week old root tissue 
from shake flasks into a large plastic dish (Figure 4.2.1). Root tips were harvested by 
cutting 1 cm from each root tip (Figure 4.2.2). Tips were gathered into groups of 10 and 
transferred into 250 mL flasks containing 50 mL B5 media (Gamborg et al., 1967). 
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Flasks were then sealed with Al foil and transferred to an orbital shaker where they were 
maintained at 90 rpm, 28°C and continuous darkness. 
 
 Figure 4.2.1. Root tissue culture (Hull3). 
 
Figure 4.2.2. One cm root tips (Hull3).  
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4.3 PCR Analysis of Hull and Andru II cultivars 
The genes from A. rhizogenes, rolC and aux1 were used as targets for PCR analysis in 
line 3 of peanut hairy root cultivar Hull (Hull3) and line 2 of cv. Andru II. Also, virD2 
was used for detection of Agrobacterium contamination in the tissue. Genomic DNA of 
hairy root cultivars Hull line 3 and Andru II line 2 were obtained using DNeasy® Plant 
Mini kit (Qiagen, USA). A primer pair of 5’-TGTGACAAGCAGCGATGAGC-3’ and 
5’-GATTGCAAACTTGCACTCGC-3’ (Bonhomme et al., 2000) was used to amplify a 
487-bp fragment of the rolC gene (Slightom et al., 1986) and a second pair of primers, 
5’-CCAAGCTTGTCAGAAAACTTCAGGG-3’ and 5’-
CCGGATCCAATACCCAGCGCTTT-3’ was used to amplify an 815-bp fragment of the 
aux1 gene (GenBank accession No. DQ782955). In addition, primers (5’-
ATGCCCGATCGAGCTCAAGT-3’ and 5’-CCTGACCCAAACATCTCGGCT-3’), 
amplifying a fragment of 338 bp (Haas et al., 1995) were used for detecting the virD2 
gene (as diagnostic for Agrobacterium contamination). These reactions were performed 
with puReTaq Ready-To-Go PCR beads (Amersham Biosciences, USA) containing 180 
ng plant genomic DNA (or 10 ng Ri plasmid DNA) and 0.3 µM of each primer. PCR 
amplicons were visualized after electrophoresis in 0.7% agarose gels. (Medina-Bolivar et 
al., 2007). 
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4.4 Elicitation by Sodium Acetate (10.2mM) 
Sodium acetate elicitor was prepared to 230 mg/mL (6.9 g sodium acetate trihydrate + 30 
mL distillated water). Prior to sodium acetate elicitation of hairy roots all media was 
removed from 250 mL shake flasks by pouring into 50 mL conical tubes; these media 
were saved for later pH and conductivity measurements. Elicitation was done by adding 
500 µL elicitor to root tissue followed immediately by addition of 50 mL fresh B5 media 
(Gamborg et al., 1967). This gave a final concentration of 10.2 mM sodium acetate in the 
media. (Procedure courtesy of Jose Condori, Medina-Bolivar lab.) 
 
Figure 4.4.1. Shake flasks containing unelicited (left) and elicited (right) Hull3 hairy 
root cultures. 
4.5 Hull Multiple Day Elicitation Experiment 
To determine the appropriate day for elicitation in Hull3, three sets of triplicate cultures 
were elicited on days 9, 12, and 15 (from subculture inoculation date). An unelicited 
control group was also run using the same culture conditions, but without any added 
acetate (day 12). Only one control time point was used as biomass was limited. Day 
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twelve was chosen because Hull was expected to behave similar to Andru II which had 
previously shown day 12 to be most favorable for stilbene production (Medina-Bolivar et 
al., 2007). It should be noted that unelicited roots produce, at best, trace levels up to 15 
days of culture (Medina-Bolivar et al., 2007). 
Five 2-week old flasks of Hull3 were obtained which had been subcultured 
following the tissue culture protocol (Section 4.2). These flasks had been subcultured 
using 6 tips per flask as only biomass was needed for subsequent subculture. These five 
flasks were then subcultured following the tissue culture protocol (Section 4.2) with 10 
root tips per flask in 50 mL B5 medium, yielding a total of 15 flasks (a minimum of 12 
were needed). These flasks were then transferred to an orbital shaker where they were 
maintained at 90 rpm, 28°C and continuous darkness. On day 9, two flasks were lost to 
contamination and removed from the experiment, so 12 flasks were selected from the 
remaining 13. These 12 flasks were divided at random into 4 groups of 3 and designated 
either for elicitation on day 9, 12, or 15, or as the day 12 unelicited control. Day 9, 12, 
and 15 flasks were then elicited with 10.2 mM sodium acetate (in B5 medium) on their 
designated days following the sodium acetate elicitation protocol (Section 4.4). On day 
12, the medium from each of the three control flasks was collected and replaced with 50 
mL fresh B5 in each flask. Media and tissue harvest took place 24 hours following 
elicitation (or mock elicitation) for each group. For each flask, initial and final, pH 
(Fisher Scientific AB15 pH meter) and conductivity (Mettler-Toledo Seven Easy 
conductivity meter) were measured as well as fresh and dry weight. Fresh weight was 
obtained by blotting the roots with paper towels then weighing. Root tissue was then 
wrapped in foil and frozen under liquid nitrogen and stored at -80°C. Dry weight was 
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later obtained by placing stored samples in an oven at 40°C for 48 hrs. After measuring 
pH and conductivity, media samples were frozen at -20°C. After the experiment was 
completed and all samples were obtained, they were thawed and partitioned with 40 ml 
ethyl acetate in a separatory funnel. The organic phase was recovered and dried 
completely under a RapidVap N2 evaporation system (Labconco, USA) at 40°C and 40% 
rotor speed. Samples were subsequently weighed and resuspended in 50 µl of ethyl 
acetate for further analysis. (Medina-Bolivar et al., 2007) 
 
4.6 Hull and Andru II Elicitation Time Course Experiments 
For the Hull and Andru II elicitation time course, hairy root cultures of Hull3 and Andru 
II line 2 were obtained and subcultured following the tissue culture protocol (Section 
4.2). Thirty flasks were made for each cultivar. Flasks were incubated using the 
procedure previously described in Section 4.5. Prior to elicitation, contaminated flasks 
were removed and 24 flasks were selected at random for each cultivar from the remaining 
flasks. Sodium acetate elicitation took place on day 12 for cultivar Andru II and day 15 
for cultivar Hull. Flasks were elicited with 10.2 mM sodium acetate (in B5 medium) on 
their designated days following the sodium acetate elicitation protocol (Section 4.4). The 
original medium was transferred to individual 50 ml conical tubes and initial pH and 
conductivity was measured and recorded for each sample. Starting at 10 minutes (0 hr) 
following elicitation by sodium acetate (10 mM in B5 medium) 50 ml media samples 
were taken at 0, 6, 12, 18, 24, 48 and 72 hrs, three samples per time point. The unelicited 
(50 ml fresh B5) control set (3 flasks) was also harvested at 72 hrs. The pH and 
conductivity of these samples were measured and the medium was then frozen at -20°C. 
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Fresh weight was obtained as described previously. The root tissue was then wrapped in 
Al foil, frozen with liquid nitrogen and stored at -80°C. Once all tissue samples were 
obtained, they were then thawed and dried for 48 hrs in a 40°C oven to obtain a dry mass 
(Note: Some larger samples required additional drying, they were placed back in the oven 
for an additional 24 hrs and dried until a constant DW was obtained). Once all media 
samples were obtained, they were each thawed and partitioned with 30 ml ethyl acetate in 
a separatory funnel. The organic phase was recovered and dried completely under a 
RapidVap N2 evaporation system (Labconco, USA) at 40°C and 40% rotor speed. These 
samples were weighed and resuspended in 50 µl of ethyl acetate for further analysis. 
(Medina-Bolivar et al., 2007) 
 
4.7 Hull Growth Curve Analysis  
For the Hull growth curve analysis, hairy root cultures of Hull3 were obtained and 
subcultured following the tissue culture protocol (Section 4.2). Thirty flasks of Hull were 
inoculated. Flasks were incubated in an orbital shaker where they were maintained at 90 
rpm, 28°C and continuous darkness. Contaminated flasks were eliminated and 21 flasks 
were selected at random from the remaining flasks. Each flask was designated a day of 
harvest (3 per day) at 3, 6, 9, 12, 15, 18, and 21 days. Due to limited biomass, three 0 day 
flasks had to be redone later. This was done by subculturing 3 flasks following the tissue 
culture protocol (Section 4.2) and immediately harvesting them. On each of the harvest 
days, three flasks were harvested. The medium was transferred to individual 50 ml 
conical tubes and pH and conductivity was measured and recorded for each sample. Fresh 
and dry weight were determined as previously described. 
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4.8 Qualitative Analysis by HPTLC 
Extracts of medium and authentic standards of trans-resveratrol (Sigma, USA), trans-
pterostilbene (Sigma), trans-piceatannol (Sigma), and trans-trismethoxy-resveratrol 
(Sigma) were spotted using the Linomat 5 system (Camag) on 10 x 10 silica gel 60 CF254 
plates (Merck) for analysis by high performance thin layer chromatography (HPTLC). 
Samples suspended in 50µl ethyl acetate were also thawed and spotted. For Hull multi 
day elicitation HPTLC: 8 µL was drawn into the syringe in order to spot 5µl. For Andru 
II and Hull time course experiments, 13µl was drawn into the syringe in order to spot 
10µl. Linear ascending development of these extracts was conducted using a mobile 
phase of ethyl acetate: acetic acid: water (17:1:2) as described by Nepote et al. (2004). 
Plates were air dried and viewed under UV light (λ 254 and λ 365 nm) using a Chromato-
Vue® C-75 (UVP, USA) dark cabinet operated by CameraWindows-Canon PowerShot 
G6 software version 5.0.0.15. (Medina-Bolivar et al., 2007).  
 
4.9 HPLC-PDA and Fluorescence 
Ethyl acetate extracts were evaporated (Fisher Scientific Maxima Dry), resuspended in 
500 µl methanol, filtered and analyzed by HPLC with coupled photodiode array and 
fluorescence detection. HPLC samples were run by Luis Ñopo Olazábal and Ganapathy 
Sivakumar. Samples were separated on a SunFire C18 5 um (4.6 x 250 mm) column 
using a Dionex P680 HPLC pump and mobile phase composed of acetonitrile and water 
with 0.5% formic acid (Flow rate = 0.5 ml/min; ratio of acetonitrile:0.5% formic 
acid/water mix was as follows: 10:90 for 8 mins, 12:82 for 7 mins, 25:75 for 3 mins, 
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35:65 for 81 mins, 60:40 for 6 mins, 10:90 for 5 mins; Medina-Bolivar unpublished). 
Stilbenes were detected with a PDA detector coupled in line with a fluorescence 
(excitation 330 nm; emission 374 nm) detector. Quantitation was done in reference to 
calibration curves made with authentic standards (Medina-Bolivar unpublished). 
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5. Results and Discussion 
5.1 Overview  
This study explored: the presence or absence of resveratrol and its analogues, the 
concentration of resveratrol and its analogues, and the rate of production of resveratrol 
and its analogues. Previously Medina-Bolivar et al. (2007) had shown that elicitation of 
Andru II ln.2 by sodium acetate was most effective 12 days (early log phase) following 
subculture. Growth curves for Hull and Andru II were expected to be similar, but in this 
study they were not; elicitation at 9, 12 and 15 days was also tested. This provided a way 
to standardize the results generated from each of the cultivars. 
 The data obtained contributed to ongoing research in using peanut hairy root 
cultures for the production of stilbenes. It will provide valuable data towards the 
production of specific compounds and may help implicate pathogen resistance as a 
marker for the production of specific compounds and for production level (Medina-
Bolivar, personal communication). Stilbene profiles for Hull will be established and 
compared with new and existing profiles for Andru II (Medina-Bolivar et al., 2007). 
Finally, several unknown compounds were detected in Hull3 following elicitation by 
sodium acetate. These compounds may contribute to the increase in pathogen resistance, 
yield more potent or new health benefits, and may provide a new source of compounds 
with greater bioavailability than resveratrol.  
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5.2 PCR Analysis of Hull and Andru II cultivars 
Polymerase Chain Reaction (PCR) analysis of both root cultures was conducted to ensure 
that the hairy root lines were established properly and axenic. Before conducting the PCR 
analysis, DNA extracts obtained from each cultivar were electrophoresed to determine 
the presence and concentration of DNA from extraction (Figure 5.2.1). Concentration 
was obtained by qualitative comparison to λ fragment intensity (280 ng/µL) and 
estimated to be approximately 10 ng/µL for cv. Hull3 and 14 ng/µL for cv. Andru II ln. 2 
(Figure 5.2.1).  
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Figure 5.2.1. Preliminary detection of DNA from Hull3 Andru II ln 2. 
 
Reverse transcriptase PCR (rt-PCR) was conducted for cv. Andru II ln 2 (Figure 5.2.2) 
and cv. Hull3 (Figure 5.2.3). Both cultivars were tested for the presence of rolC and aux1 
genes as indicator of successful hairy root creation by the Medina-Bolivar lab as well as 
virD2 to detect for contamination by A. rhizogenes. These were tested against nucleotide 
free water as a negative control and plasmid pRi15834 which contains rolC, aux1 and 
virD2 genes as a positive control. Andru II tested positive for rolC (lane 2) and aux1 
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(lane 5) and had a faint band for virD2 (lane 8) (Figure 5.2.2). The faint band for virD2 
could indicate contamination; however, since the band is faint, it does not appear to have 
been amplified by PCR. It is more likely that the sample in lane 8 was contaminated after 
PCR, possibly due to overflow of the adjacent well of lane 9 that contained plasmid DNA 
(Figure 5.2.2).  
 
 
  
 
Figure 5.2.2. PCR of Andru II ln. 2.  
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Upon first running, Hull3 yielded no bands for any amplified genes yet indicated the 
presence of DNA (Lanes 2, 5, and 8) (Figure 5.2.3). This could indicate the absence of 
these genes in Hull3, though since these hairy roots had already been established in the 
Medina-Bolivar lab it is more likely that an error occurred in the extraction process or the 
PCR preparation.  
 
 
 
 
 
Figure 5.2.3. PCR of Hull3.  
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The PCR was repeated using stored DNA previously extracted from Hull3 by Jose 
Condori (Figure 5.2.4). Hull3 tested positive for rolC (lane 2) and aux1 (lane 5) and 
negative for virD2 (lane 8) (Figure 5.2.4). This suggested that the lack of rolC and aux1 
signals found in Figure 5.2.3 were likely due to error in the extraction of DNA from Hull 
ln.3 root tissue.  
 
 
Figure 5.2.4. PCR of Hull3 repeated with Hull3 root tissue extracted by Jose 
Condori. 
    1    2    3   4    5   6    7   8    9   10 
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5.3 Hull Multi Day Elicitation 
To determine the most effective day of elicitation in cv. Hull3, four separate groups 
comprising 3 flasks each of Hull3 root cultures were inoculated with 10 root tips per 
flask. Three of the four sets of triplicates were elicited by sodium acetate (10.2 mM) on 
either day 9, 12, or 15. The fourth set remained unelicited and received a change of B5 
media on day 12. Cultures were harvested 24 hrs following elicitation or change of 
media. Data for each individual flask can be found in Appendix Table 8.2.1. The 
averages for each triplicate set can be found in Table 5.3.1.  
 
 
Table 5.3.1. Average of triplicates from Hull3 multi day elicitation experiment.  
 Before Elicitation After Elicitation 
Day of 
Elicitation 
Initial 
pH 
Initial 
Conductivity  
(mS/cm) 
Final 
pH 
Final 
Conductivity 
(mS/cm) 
Fresh 
Weight 
(g) 
SD 
+/- 
Dry 
Weight 
(g) 
SD 
+/- 
9 4.91 3.52 6.30 4.79 0.62 0.09 0.07 0.01 
12 5.83 3.02 6.06 4.71 2.14 1.02 0.32 0.21 
15 5.64 1.71 5.87 4.27 5.10 0.11 0.63 0.13 
12 (ctrl) 5.58 3.05 4.99 3.60 2.44 0.09 0.45 0.14 
 
 
The media of four randomly selected flasks (one from each triplicate set underwent) were 
subjected to stilbene extraction for analysis by HPTLC. Stilbenes fluoresce at λ ~365 nm 
and absorb λ ~254, making detection of stilbenes possible using fluorescence and 
quenching detection (Figure 5.3.1). As can be seen, Hull3 showed an increase in stilbenes 
present in the media when elicited on day 15 vs. day 12 and day 9. Compounds with 
relative to front (rf) similar to that of the detected resveratrol standard (rf =0.75) were 
seen in 12 day (rf =0.74) and 15 day (rf = 0.73). Both 12 and 15 day samples showed a 
compound with an rf matching that of pterostilbene (rf = 0.80). A fainter band is also 
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seen in 12 and 15 day cultures with an rf of 0.68 which is similar to piceatannol (rf = 
0.70). This process was repeated using a second random set of the triplicates (also Figure 
5.3.1). Signals, however, were fainter in both the samples and known stilbenes for the 
replicates making them more difficult to see. Again day 15 elicited cultures yielded 
greater apparent levels of extracted resveratrol from the media following elicitation by 
sodium acetate (10.2 mM).  
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Figure 5.3.1. Hull multi day elicitation HPTLC viewed under UV (λ 254 and λ 365 
nm) fluorescence and quench detection.  
Abbreviations: RSV-resveratrol; pteros-pterostilbene; piceat-piceatannol; trimeth-
trismethoxy resveratrol. Elicited samples listed as 9d(ay), 12d, and 15d; 12d(ctrl) is mock 
elicited; flask id number appears under time point. 
 
 
Using coupled fluorescence detection and Photodiode Array these two sets of media 
extracts were then analyzed by High Performance Liquid Chromatography (HPLC) 
(PDA) (Dionex). Emission at λ 374 nm, an indicator of stilbene fluorescence, for known 
stilbene controls can be found in Appendix Figure 8.1.1. The retention time (RT) for each 
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compound can be found above their respective peak. Resveratrol, pterostilbene, 
piceatannol, and piceid standards appear to have been detected and quantified using 
HPLC profiles of media extracts and can be compared to Hull3. Trismethoxy resveratrol, 
however, was not detected and therefore its presence or absence cannot be validated. 
PDA spectra for each of these stilbene control peaks can be found in Appendix Figure 
8.1.2. By comparing these spectra with the elution time of λ 374 nm fluorescing 
compounds, it is possible to putatively identify peaks obtained from Hull3 media extracts. 
Samples from cultures of Hull 9, 12, 15 day elicited and 12 day unelicited yielded HPLC 
emission (λ 374 nm) profiles as shown in Figure 5.3.2 (Set 1) and Figure 5.3.3 (Set 2). Of 
the control stilbenes analyzed, only resveratrol (RT = 31.53 min) was detected in Hull 
day 12 and 15 elicited roots. PDA spectra of each suspected resveratrol peak are shown in 
Figure 5.3.4. Matching spectra, retention time, and fluorescence at λ 374 nm provide 
strong evidence that this peak is resveratrol. Interestingly, an unknown compound was 
detected (RT ~83 min) for both 15 day elicited samples in quantities above the detection 
level of the fluorescence detector (Figures 5.3.2 and 5.3.3). This peak is likely an 
analogue of resveratrol and has been suggested to be arachadin-3 (Medina-Bolivar, 
personal communication). Prenylated stilbenes like arachadin-3 have been associated 
with high disease resistant peanut varieties (Sobolev et al., 2007). In a study which 
compared five peanut varieties of varying disease resistance, peanut variant C-99R, a 
highly resistant variety, showed increased amounts of resveratrol and arachadin-3 in its 
peanut kernels than less resistant varieties (Sobolev et al., 2007). This compound could 
be an important part of Hull’s increased disease resistance; further investigation will be 
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required to identify this compound and correlate its presence with elevated levels of 
disease resistance. 
 
 
 
Figure 5.3.2. HPLC chromatogram of medium extract from peanut hairy root cv. 
Hull3.  
Day 9, 12, and 15 elicited roots (10.2 mM fresh B5 media – Gamborg et  al., 1967) + day 
12 unelicited control roots (Set 1) (Note change in Y-Axis between samples). 
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Figure 5.3.3. HPLC chromatogram of media extracts from peanut hairy root cv. 
Hull3.  
Day 9, 12, and 15 elicited roots (10.2 mM fresh B5 media – Gamborg et  al., 1967) + day 
12 unelicited control roots (Set 2) (Note change in Y-Axis between samples). 
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Figure 5.3.4. Resveratrol peak (31 min) PDA spectra in HPLC of peanut hairy root 
cv. Hull3 from media extract from day 12 and 15 elicited roots from both multi day 
HPLC sets. 
 
The effect of culture age on the total resveratrol harvested from each sample can be found 
in Figure 5.3.6. Both data sets show an increase in harvested resveratrol from day 12 to 
15. These data are standardized for biomass in Figure 5.3.7. Both sets show a consistent 
31.8±.01 µg/g fresh weight for day 12 elicited roots harvested 24 hrs following 
elicitation. In contrast day 15 roots showed great variability in resveratrol extracted 
(Figure 5.3.7). This could be attributed to problems during the extraction process. 
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Another possible explanation for this difference is that resveratrol is being converted to 
the unknown stilbene.  
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Figure 5.3.5. Effect of culture age on total amount of resveratrol harvested from 
peanut hairy root cv. Hull3 (Individual flask data). 
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Figure 5.3.6. Effect of culture age on specific amount of resveratrol harvested from 
peanut hairy root cv. Hull3 (Individual flask data). 
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5.4 Hull and Andru II Elicitation Time Courses 
5.4.1 Andru II Time Course 
For the Andru II ln 2 elicitation time course, 24 flasks were inoculated with 10 root tips 
each (Section 4.5). These were divided into triplicate sets for elicitation by sodium 
acetate (10.2 mM) on day 12 and harvested at 0, 6, 12, 18, 24, 48, or 72 hrs. One 
triplicate set remained unelicited and received a change of B5 media on day 12 (72 hr 
control). Data for each individual flask can be found in Table 5.4.1. The averages for 
each triplicate set can be found in Table 5.4.2.  
 These roots behaved strangely, showing stunted growth compared with previous 
experiments conducted in the Medina-Bolivar lab (Medina-Bolivar et al., 2007). Only 
one flask, an unelicited flask harvested at 72 hrs following mock elicitation (Day 15) had 
a fresh weight greater than 1 gram. Prior data had shown that at day 12, Andru II roots 
should be ~1 g (Medina-Bolivar et al., 2007). Unused Andru II cultures created from the 
same source flasks later grew to normal size (data not shown). This may be attributed to a 
difference in culture technique. For both experiments, roots tips had been cut to 10 mm 
but thickness was not taken into consideration. The stunted growth may also be due to a 
degradation of the Andru II line due to selective pressure created by selecting the best 
growing roots for experimental use but using slower growing roots for propagation 
(Medina-Bolivar, personal communication). 
Stilbene extraction and HPTLC assay was conducted on the media harvested from 
each flask. Plates were viewed under UV λ 365 and λ 254 nm for fluorescence and 
quenching detection (Figure 5.4.1.1).  
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Table 5.4.1.1. Average of triplicates for Andru II ln. 2 time course. 
 Before Elicitation After Elicitation 
Time 
Initial 
pH 
Initial 
Conductivity 
(mS/cm) 
Final 
pH 
Final 
Conductivity 
(mS/cm) 
Fresh 
Weight (g) SD +/- 
Dry Weight 
(g) 
SD 
+/- 
0 4.85 3.91 6.39 5.01 0.18 0.04 0.02 0.00 
6 4.80 3.96 6.28 4.98 0.34 0.10 0.04 0.01 
12 4.84 3.84 6.24 4.70 0.47 0.22 0.10 0.10 
18 5.07 3.31 6.17 4.96 0.74 0.12 0.11 0.02 
24 4.99 3.51 6.34 4.94 0.52 0.03 0.07 0.01 
48 4.92 3.81 6.79 4.83 0.64 0.22 0.16 0.12 
72 4.89 3.71 6.94 4.87 0.40 0.06 0.07 0.01 
72ctrl 4.96 3.82 5.02 3.62 0.87 0.24 0.29 0.10 
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Figure 5.4.1.1. Andru II ln. 2 time course HPTLC analysis following elicitation by 
sodium acetate viewed under UV (λ 254 and λ 365 nm) fluorescence and quench 
detection. 
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As can be seen using HPTLC (Figures 5.4.1.1), the stunted Andru II root cultures did not 
produce a lot of stilbenes in any consistent manner. Variability was seen between 
triplicates. In the Hull multi day elicitation experiment (Section 5.3), Hull3 was shown to 
produce more resveratrol when elicited on days 12 or 15 than on day 9. A similar 
experiment conducted by Medina-Bolivar et al. (2007) for Andru II showed that day 12 
yielded the greatest resveratrol production. If the growth of these hairy roots was stunted, 
then they may have just been growing slower and then behaved as younger roots would 
despite being elicited on day 12. Due to limited culture space and a great deal of prior 
characterization of the Andru II cultivar, the Andru II time course was not repeated and 
the focus of the experiment was shifted to characterizing Hull which had shown more 
promising data in the multi day elicitation experiment.  
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5.4.2 Hull Time Course 
For the elicitation time course of Hull3, 24 flasks were inoculated with 10 root tips each. 
These were divided into triplicate sets for elicitation with sodium acetate (10.2 mM) on 
day 15 and harvested at 0, 6, 12, 18, 24, 48, or 72 hrs. One triplicate set remained 
unelicited and received a change of B5 media on day 15 (72 hr control). Data for each 
individual flask can be found in Appendix Table 8.4.1. The averages for each triplicate 
set can be found in Table 5.4.2.1. Compared to Andru II (Table 5.4.1.1), Hull yielded 
more biomass at harvest following elicitation (Table 5.4.2.1). This is reasonable as Hull 
was elicited on day 15, giving it 3 additional days of growth.  
 
Table 5.4.2.1. Average of triplicates for Hull3 time course.  
 Before Elicitation After Elicitation 
Time 
(hrs) 
Initial 
pH 
Initial 
Conductivity 
(mS/cm) 
Final 
pH 
Final 
Conductivity 
(mS/cm) 
Fresh 
Weight 
(g) 
SD 
+/- 
Dry 
Weight 
(g) 
SD 
+/- 
Extract 
Weight 
(mg) 
SD 
+/- 
0 5.45 2.53 6.23 4.96 2.92 2.26 0.37 0.22 0.4 0.30 
6 5.51 1.85 5.91 4.35 5.29 1.55 0.60 0.08 0.4 0.36 
12 5.80 2.13 5.87 4.46 5.20 0.04 0.64 0.09 11.1 15.93 
18 5.51 1.85 5.90 4.51 4.27 0.30 0.51 0.06 0.7 0.82 
24 5.51 1.94 5.91 4.43 3.94 2.05 0.47 0.24 1.0 1.30 
48 5.55 1.91 6.23 4.30 4.12 0.64 0.49 0.02 12.3 20.53 
72 5.53 1.83 6.71 3.85 6.31 1.04 0.67 0.09 0.6 0.40 
72ctrl 5.57 1.28 6.34 1.58 6.21 1.50 0.59 0.11 0.1 0.06 
 
 
As with Andru II, Hull time course samples underwent stilbene extraction and were 
grouped based on fresh weight within triplicate sets. HPTLC was conducted and plates 
were viewed under UV λ 365 and λ 254 nm for fluorescence and quench detection 
(Figure 5.4.2.1). Initially, 3 HPTLC analyses were conducted for Hull, one for each 
complete time course triplicate group. Figure 5.4.2.1 shows a complete set of time points 
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using the flasks from each triplicate set which yielded the most biomass. The remaining 2 
HPLC assays can be found in Appendix Figure 8.4.1. 
 
Figure 5.4.2.1. Hull3 time course HPTLC analysis following elicitation by sodium 
acetate.  
 
In Set 1, there were 2 samples (12 hr – Flask 8 and 48 hr – Flask 16) that were not 
assayed by HPTLC. Dark circles can be seen at the spot location for these samples (as 
indicated by red arrows). This may be due to small amounts of water from residual 
culture media entering the collection vessel during extraction (Jose Condori, personal 
Set 1 
(Most 
biomass) 
Set 4 “Best Set” 
(Set 1 with 12 
and 48 hr 
samples replaced) 
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communication). Also shown in Figure 5.4.2.1 is a repeat of Set 1 in which the 12 and 
48hr samples that had not run were replaced with different flasks from the same time 
point. This set was labeled Set 4: “Best Set” (Figure 5.4.2.1). During the HPTLC assay of 
Set 4, a malfunction occurred with the automated spotting syringe in which some extract 
drained out of the syringe before it could be plated (most obvious in 18 hr sample). This 
also very likely caused the streak that appears just above the 0 hr sample. Because it was 
necessary to retain enough sample extract for HPLC analysis, Set 4 was not rerun at this 
time and, therefore, must be compared to Set 1 for the 18 hr data point; this time point is 
actually the same sample time point, but from a different set of flasks. Set 4 was repeated 
after HPLC had been conducted using the remaining extract and can be found as HPTLC 
5 in Appendix Figure 8.4.1. The HPTLC time course (Figure 5.4.2.1) shows an increase 
in stilbene fluorescence for the first 48 hrs followed by a slight drop at 72 hrs. Greater 
fluorescence is shown in 18-72hr samples with the greatest fluorescence at 48 hrs (Figure 
5.4.2.1 and Appendix Figure 8.4.1). In Set 1, bands with rfs similar to that of the 
resveratrol standard (rf = 0.78) can be seen in 18, 24, and 72 hr samples which each had 
rf = 0.77 (Figure 5.4.2.1). The 48 hr sample was not run in this set, so it is not known 
whether a similar band would be found. The 48 hr sample used in Set 2 and repeated in 
Sets 4 and 5 showed a high concentration of stilbene-like compounds making distinct 
bands difficult to distinguish (Appendix Figure 8.4.1 and Figure 5.4.2.1). In set 5, this 
sample produced a distinguishable band with an rf of ~ 0.75 which is close to the rf of 
resveratrol which was 0.73 on the Set 5 plate (Appendix Figure 8.4.1). The 48 hr sample 
found in Set 3 (Appendix Figure 8.4.1) produced a band at rf ~ 0.79, which was also 
difficult to resolve due to high concentrations. This band was similar to that of 
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resveratrol, which gave an rf of 0.77 on the Set 3 plate (Appendix Figure 8.4.1). In 
addition to the possible resveratrol bands, 2 other interesting bands can be seen in Figure 
5.4.2.1, one above and one below the suspected resveratrol band. These bands had rfs of 
~ 0.85 and ~ 0.71, respectively. These bands may correspond to other resveratrol 
analogues. In total, probable resveratrol bands were detected at 18 hrs (all 3 triplicates), 
24 hrs (all 3 triplicates), 48 (2 of 3 triplicates), and 72 hrs (2 of 3 triplicates). Further 
analysis by HPLC was conducted to quantify resveratrol and resveratrol derivative 
production in these samples.  
The samples used in HPTLC Set 4 (Flask 1, 4, 9, 10, 14, 18, 21, and 24), are 
referred to as HPLC Set 1 as they were the first group used for HPLC. Their HPLC 
spectra can be found in Appendix Figure 8.4.2. As with the Hull multi day elicitation 
experiment, none of the stilbenes used as controls were detected with the exception of 
resveratrol (Appendix Figure 8.4.2). Based on the spectra and retention time of the 
resveratrol standard, it was possible to determine the amount of resveratrol harvested 
from the media. The levels of resveratrol for each sample harvested throughout the 
duration of the time course for each HPLC set can be found in Appendix Figure 8.4.3. 
The resveratrol harvested per gram of fresh weight for each HPLC set can be found in 
Appendix Figure 8.4.4. The average resveratrol extracted per gram fresh weight for each 
time point can be found in Figure 5.4.2.4. Here resveratrol was detected in greatest 
quantities at 18 and 24 hrs. Interestingly, resveratrol was barely detected at 48 hrs despite 
the HPTLC data suggesting that elicitation for 48 hrs produced the greatest 
concentrations of stilbenes and showed a compound with an rf similar to resveratrol. The 
discrepancy may be explained by the difficulty in separating distinct bands as previously 
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mentioned. The low level of resveratrol at 48 hrs also could be due to the production of 
resveratrol derivatives. Several peaks were detected which could be resveratrol 
derivatives or analogues. Most notably, a peak occurring at ~83.9 min showed a matching 
spectra to the “unidentified stilbene” previously found in the Hull multi day elicitation 
experiment in 15 day old roots after 24 hours of elicitation by sodium acetate (Figures 
5.3.2 and 5.3.3). This peak was detected in both HPLC sets after 18 and 24 hrs of 
elicitation (Appendix Figure 8.4.2). Another interesting peak was detected at ~25.5 mins 
showing a PDA spectrum similar to that of the piceid control. This peak was found in 
HPLC Set 1 for 12, 18, and 24 hr elicitation samples; it was not detected in HPLC Set 2 
possibly due to a decrease in resolution caused by other higher peaks.  
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Figure 5.4.2.2. Average of resveratrol harvested (µg) vs. fresh weight (g) from 
peanut hairy root cv. Hull3 media extract from both time course HPLC sets. 
 
As mentioned previously resveratrol was barely detected at 48 hrs despite HPTLC 
data suggesting that 48 hr samples had the greatest concentrations of stilbenes. It is not 
clear what happens to resveratrol between 24 and 48 hrs (Figure 5.4.2.2). It is possible 
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that it is being degraded or metabolized by the roots. It may also be taken back up and 
used in the production of resveratrol derivatives. The mechanism for sodium acetate 
elicitation of stilbene production and secretion is not known. It is possible, for example, 
that enzymes responsible for resveratrol derivative production may also be secreted into 
the media, converting resveratrol into the more potent phytoalexins as part of a plant’s 
immune response.  
Since the amount of resveratrol found in the medium decreases between 24 and 
48 hrs, this could mean that resveratrol excreted to the medium may degrade completely 
in less than 24 hr period. As the samples were frozen, and then thawed, it is possible that 
resveratrol could also degrade during the freezing and thawing process unless conducted 
rapidly. If this is the case, resveratrol produced by the roots could be much higher than 
detected, though all samples were handled as uniformly as possible.  
 
5.5 Hull Growth Curve 
To assess the accuracy of the Hull multi day elicitation experiment as well as to gain a 
better understanding of the growth of cv. Hull3, a growth curve was generated for Hull3. 
These data would also enable a comparison with an already existing growth curve for 
Andru II. For this experiment, flasks of Hull3 hairy roots were harvested every 3 days 
from day 0 to day 21. Data for each individual flask can be found in Appendix Table 
8.5.1 and the averages of each triplicate set can be found in Table 5.5.1.  
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Table 5.5.1. Average of Hull3 growth curve triplicates at harvest. 
 
 Before Elicitation After Elicitation 
day pH Conductivity 
Fresh 
Weight (g) SD +/- 
Dry weight 
(g) SD +/- 
0 5.51 3.91 0.03 0.00 0.00 0.00 
3 4.72 3.91 0.09 0.02 0.01 0.00 
6 4.78 3.87 0.30 0.15 0.03 0.03 
9 5.46 3.14 1.20 0.15 0.42 0.19 
12 5.48 2.62 2.38 1.13 0.74 0.26 
15 5.31 2.04 4.25 0.36 0.58 0.09 
18 5.59 1.58 6.21 1.50 0.59 0.11 
21 5.74 0.69 6.62 0.99 0.49 0.12 
 
 
A growth curve was generated for Hull3 from the average fresh weight of roots at each 
time point and plotted alongside conductivity (Figure 5.5.1). The growth rate during log 
phase growth was calculated to be 0.25 day-1 and the doubling time was determined to be 
2.8 days. As with Andru II (Medina-Bolivar et al. 2007) an inverse relationship can be 
seen between fresh weight and conductivity in Hull3 hairy roots. This relationship is most 
likely explained by the roots drawing nutrients out of the media as they mature and 
provides a way to gauge mass and maturity of roots in a scaled-up bioreactor where 
weighing is not possible (Medina-Bolivar et al. 2007).  
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Figure 5.5.1. Growth and conductivity of media for hairy root cultivar Hull3 grown 
in 50 mL B5 media (Gamborg et al., 1967) and maintained in an orbital shaker at 90 
rpm, 28°C and continuous darkness. 
 
5.6 Overall Conclusions 
When elicited with sodium acetate (10.2 mM) 12 and 15 day old roots produced 
resveratrol while 9 day old roots did not. It appears that more stilbenes were extracted in 
15 day old roots than 12 day; however, since only resveratrol could be quantitated it is 
unclear whether or not this is the case. For 15 day old roots, resveratrol found in the 
media extracts was greatest at 18 and 24 hrs and nearly absent at 48 hrs. It is unclear what 
happens to resveratrol between 24 and 48 hrs. The growth rate during log phase growth 
for Hull3 was calculated to be 0.25 day-l and the doubling time was determined to be 2.8 
days.  
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6. Future Experiments 
Prenylated Stilbenes, such as arachadin-3, have been suggested to be associated with 
increased disease resistance in peanut variants (Sobolev et al. 2007, Medina-Bolivar et al. 
2007). Several unknown compounds were detected in Hull3, so further analysis of these 
compounds should be conducted to determine if they are prenylated stilbenes or other 
compounds of interest.  
Medina-Bolivar et al. (2007) previously showed that sodium acetate at 10.2 mM 
was the most effective concentration for eliciting stilbene production in peanut hairy root 
cultivar Andru II. In this experiment cultivar Hull3 was effectively elicited by sodium 
acetate at this concentration. Hull may respond to sodium acetate concentrations 
differently than Andru II and other concentrations may be able to stimulate greater 
concentrations or even different stilbenes. An experiment similar to the one conducted by 
Medina-Bolivar et al. (2007) in Andru II should be conducted in Hull3. 
This study investigated resveratrol production at 6 hour intervals for the first 24 hours 
and every 24 hours until 72 hours. Given the lack of resveratrol detected after 24hrs, 
more sample times, particularly between 12 and 48hrs, would be useful in determining 
production rates. Labeling experiments would also help determine the fate of resveratrol 
after 24 hrs.  
The Hull multiple day experiment suggested that elicitation of 15 day old cultures 
yielded the most stilbenes. It is possible that stilbene production is higher after day 15 or 
perhaps between 12 and 15 days. This experiment should be repeated to determine if 
there is an optimum elicitation time point between days 12 and 15 or beyond 15 days.
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8. Appendices 
8.1. HPLC Standards 
 
 
 
Figure 8.1.1. HPLC with fluorescence detection (λ 374 nm) of resveratrol and 
stilbene controls.  
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Figure 8.1.2. PDA spectra of resveratrol and stilbene control peaks in Hull multi day 
experiment. 
 
 
8.2 Additional Hull Multi Day Elicitation Data  
Table 8.2.1. Hull3 multi day elicitation data. 
  Before Elicitation After Elicitation 
Flask Elicitation 
Initial 
pH 
Initial 
Conductivity 
(mS/cm) 
Final 
pH 
Final 
Conductivity 
(mS/cm) 
Fresh 
Weight 
(g) 
Dry 
Weight 
(g) 
1 9 day 4.82 4.19 6.36 4.77 0.59 0.0842 
2 9 day 5.05 3.31 6.27 4.84 0.56 0.0607 
3 9 day 4.86 3.06 6.28 4.77 0.72 0.0686 
4 12 day 5.42 2.31 5.85 4.60 3.26 0.5470 
5 12 day 6.34 4.04 6.14 4.88 1.25 0.1311 
6 12 day 5.74 2.71 6.18 4.64 1.91 0.2740 
7 15 day 5.49 2.32 5.90 4.36 4.98 0.6264 
8 15 day 5.93 0.632 5.72 4.25 5.17 0.5044 
9 15 day 5.50 2.19 5.98 4.20 5.16 0.7672 
10 
12 day 
ctrl 5.58 3.28 4.95 3.59 2.54 0.3749 
11 
12 day 
ctrl 5.60 2.60 4.99 3.52 2.36 0.6069 
12 
12 day 
ctrl 5.57 3.27 5.04 3.68 2.43 0.3670 
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8.3 Additional Andru II Time Course Data 
Table 8.3.1. Complete Andru II ln. 2 elicitation time course data. 
 
  Before Elicitation After Elicitation 
Flask Time 
Initial 
pH 
Initial 
Conductivity 
(mS/cm) 
Final 
pH 
Final 
Conductivity 
(mS/cm) 
Fresh 
Weight (g) 
Dry 
Weight 
(g) 
1 30 min 4.92 4.26 6.37 4.94 0.20 0.0244 
2 30 min 4.82 4.11 6.38 5.08 0.20 0.0261 
3 30 min 4.81 3.36 6.41 5.02 0.13 0.0175 
4 6 hr 4.78 4.18 6.30 5.00 0.24 0.0329 
5 6 hr 4.85 3.58 6.25 4.95 0.44 0.0492 
6 6 hr 4.78 4.12 6.28 4.99 0.34 0.0466 
7 12 hr 4.83 3.95 6.25 5.03 0.42 0.0492 
8 12 hr 4.80 3.80 6.26 5.00 0.28 0.0350 
9 12 hr 4.89 3.76 6.21 4.08 0.72 0.2156 
10 18 hr 4.96 3.95 6.17 5.00 0.64 0.1285 
11 18 hr 5.05 3.34 6.18 4.92 0.87 0.1048 
12 18 hr 5.20 2.65 6.17 4.95 0.72 0.0831 
13 24 hr 5.03 3.87 6.30 4.98 0.56 0.0805 
14 24 hr 4.96 3.89 6.39 4.98 0.51 0.0803 
15 24 hr 4.98 2.77 6.32 4.87 0.50 0.0553 
16 48 hr 4.99 3.50 6.76 4.82 0.86 0.2981 
17 48 hr 4.87 3.96 6.74 4.87 0.42 0.0652 
18 48 hr 4.91 3.98 6.88 4.80 0.65 0.1037 
19 72 hr 4.94 3.55 6.92 4.83 0.47 0.0776 
20 72 hr 4.84 3.99 6.96 4.93 0.35 0.0580 
21 72 hr 4.89 3.59 6.95 4.85 0.39 0.0602 
22 
72 hr 
unelicited 4.99 3.84 5.21 3.55 1.15 0.3916 
23 
72 hr 
unelicited 4.96 4.09 5.01 3.67 0.74 0.2020 
24 
72 hr 
unelicited 4.94 3.53 4.85 3.65 0.73 0.2803 
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8.4 Additional Hull Time Course Data 
 
Table 8.4.1. Complete Hull3 elicitation time course data. 
  Before Elicitation After Elicitation 
Flask Time 
Initial 
pH 
Initial 
Conductivity 
(mS/cm) 
Final 
pH 
Final 
Conductivity 
(mS/cm) 
Fresh 
Weight 
(g) 
Dry 
Weight 
(g) 
Extract 
Weight 
(g) 
1 30 min 5.47 2.19 6.17 4.74 5.53 0.6259 0.0007 
2 30 min 5.47 2.59 6.25 5.10 1.54 0.2288 0.0004 
3 30 min 5.42 2.82 6.26 5.04 1.70 0.2617 0.0001 
4 6 hr 5.72 1.02 5.92 4.01 7.04 0.6894 0.0007 
5 6 hr 5.47 2.01 5.95 4.63 4.08 0.5291 0.0005 
6 6 hr 5.34 2.52 5.86 4.42 4.74 0.5835 0.0000 
7 12 hr 5.35 2.13 5.89 4.45 5.21 0.5449 0.0039 
8 12 hr 6.28 3.11 5.92 4.61 5.24 0.7249 0.0294 
9 12 hr 5.77 1.15 5.80 4.32 5.16 0.6468 0.0001 
10 18 hr 5.54 1.50 5.87 4.44 4.61 0.4934 0.0014 
11 18 hr 5.64 1.52 5.84 4.54 4.05 0.4593 0 
12 18 hr 5.34 2.52 5.99 4.54 4.15 0.5816 0.0009 
13 24 hr 5.47 2.00 5.98 4.58 3.41 0.4161 0.0023 
14 24 hr 5.61 1.47 5.75 3.94 6.20 0.7269 0 
15 24 hr 5.44 2.36 5.99 4.76 2.21 0.2609 0.0011 
16 48 hr 5.67 1.34 5.84 4.24 4.85 0.4649 0.0360 
17 48 hr 5.43 2.71 6.35 4.42 3.65 0.5125 0.0001 
18 48 hr 5.55 1.68 6.50 4.23 3.85 0.4781 0.0008 
19 72 hr 5.38 2.55 6.81 3.83 5.80 0.6440 0.0002 
20 72 hr 5.52 1.74 6.82 3.99 5.62 0.5922 0.0006 
21 72 hr 5.69 1.19 6.49 3.73 7.50 0.7751 0.0010 
22 
72 hr 
unelicited 5.59 1.43 5.43 2.16 5.04 0.5582 0.0002 
23 
72 hr 
unelicited 5.64 1.04 5.68 1.60 5.68 0.5010 0.0001 
24 
72 hr 
unelicited 5.47 1.38 7.90 0.98 7.90 0.7055 0.0001 
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Figure 8.4.1. Hull3 time course HPTLC analysis following elicitation by sodium 
acetate HPTLC fluorescence and quenching detection. 
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Figure 8.4.2. Hull3 time course HPLC with fluorescence detection (λ 374) for “Best 
Set” 0-72hr sample set. 
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Figure 8.4.3. Resveratrol harvested (µg) from peanut hairy root cv. Hull3 media 
extract from both time course HPLC sets. 
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Figure 8.4.4. Resveratrol harvested (µg) vs. fresh weight (g) from peanut hairy root 
cv. Hull3 media extract from both time course HPLC sets. 
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8.5 Additional Growth Curve Data 
 
Table 8.5.1. Growth curve data for Hull3 flasks at designated harvest time. 
 
Flask Time pH Conductivity 
Fresh 
Weight 
Dry 
weight 
1 0 day 5.53 3.90 0.03 0.0031 
2 0 day 5.55 3.92 0.03 0.0024 
3 0 day 5.44 3.92 0.03 0.0020 
4 3 day 4.70 4.28 0.07 0.0089 
5 3 day 4.68 4.24 0.11 0.0132 
6 3 day 4.77 3.20 0.10 0.0057 
7 6 day 4.75 4.19 0.17 0.0100 
8 6 day 4.81 4.20 0.46 0.0683 
9 6 day 4.79 3.22 0.26 0.0225 
10 9 day 5.52 3.56 1.34 0.6085 
11 9 day 5.38 3.10 1.04 0.2244 
12 9 day 5.49 2.77 1.21 0.4353 
13 12 day 5.60 1.89 1.44 0.8075 
14 12 day 5.53 3.24 2.06 0.9664 
15 12 day 5.30 2.73 3.63 0.4510 
16 15 day 5.22 2.42 4.62 0.6141 
17 15 day 5.41 1.15 4.21 0.4737 
18 15 day 5.30 2.54 3.91 0.6497 
19 18 day 5.43 2.16 5.04 0.5582 
20 18 day 5.56 1.60 5.68 0.5010 
21 18 day 5.77 0.98 7.90 0.7055 
22 21 day 5.77 0.51 6.41 0.4401 
23 21 day 5.56 0.96 5.75 0.3993 
24 21 day 5.90 0.61 7.70 0.6265 
 
 
